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and 
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Engelmann spruce (Picea engelmannii Parry) and subalpine fir (Abies lasiocarpa (Hook.) Nutt.) 
comprise the spruce-fir forest type within the Central Rocky Mountain subalpine zone, the 
highest forested area in the states of Wyoming, Colorado, and northern New Mexico. The 
diversity of climate and habitat types in this subalpine zone has long been recognized by 
foresters and ecologists. 

This diversity makes the practice of silviculture within these forests a unique and sometimes 
complicated art. The potential impacts of the variety of uses for subalpine forests makes it 
increasingly important that forest managers and silviculture practitioners understand the 
relationships of these species to their environment. 

This booklet and the accompanying slide-tape presentation are designed to provide a concise 
summary of the ecological relationships within spruce-fir forests and the silvicultural practices 
available for use in these forests. Please keep this booklet as a handy reference to help you 
recall the subjects presented in the talks, and also locate additional literature in which you can 
find the original research covering the topics. You can obtain copies of the references cited by 
contacting the WESTFORNET library network at 240 West Prospect, Fort Collins, CO 80526. 

This spruce-fir slide-tape presentation and booklet have been distributed to all National 
Forests in the Central Rocky Mountain area that manage this forest type. Information 
concerning the purchase of additional copies of this or other slide-tape and booklet sets can be 
obtained from the Regional Offices for the USDA Forest Service Rocky Mountain and 
Southwestern Regions or by writing: 

Public Affairs Officer 
USDA Forest Service 
Rocky Mountain Forest and Range Experiment Station 
240 West Prospect 
Fort Collins, CO 80526 

'Headquarters is in Fort Collins, in cooperation with Colorado State University. 
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SlLVlCS OF SPRUCE-FIR FORESTS 

17. So far, we've taken a quick look at some environmental factors that affect the growth of 
spruce-fir stands. During the rest of this program, we'll take a look at various aspects of 
silvicultural systems that apply to this timber type. First, we'll discuss stand conditions. Then. . . 

we'll go on to factors affecting initial 
17 establishment of stands, and then to damaging 

agents, including wind risk, which is one of the 
most critical factors you'll need to understand 
before developing your prescriptions. Finally, we 
will discuss how to manage stands with 
reproduction established before cutting, versus 
stands with reproduction to be established after 
cutting. 



STAND CONDITIONS 



INITIAL ESTABLISHMENT 

23. When you're writing a prescription, the regeneration characteristics of a species are an 
important part of your management plan. 



SEED SOURCE 



ENVIRONMENT 

by prolonging snow cover. 
This reduces the chance of daily thawing and freezing, which can be especially damaging to a 
shallow-rooted species such as spruce. 



DAMAGING AGENTS 

29. Insects, small mammals, birds, livestock and big game, as well as wind and disease can 
damage and kill seedlings and mature trees alike. Let's take a look at some of these damaging 
agents. 



INSECTS 



BIRDS AND MAMMALS 
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DISEASES 

40. Older trees are often infected by wood rotting fungi and broom rusts. These diseases cause 
a loss in volume, reduce growth, and increase susceptibility to windthrow and windbreak (Hinds 

1977, Hinds and Hawksworth 1966). 



ORGANIC MATERIAL 

41. Even dense grass stands and other organic material can kill young seedlings. Grass, if thick 
enough, smothers seedlings and robs them of soil moisture. 



WIND 



shown here; and can also be high . . . 
47. . . . in areas where wind is funneled through 
saddles and ridges as shown by this slide. I 
48. Remember, wind risk is important when 
marking for management. 

49. Occasionally, tree crowns are intertwined 
and protect one another from wind. If trees are 
paired, both can be left standing . . . 

hnth can ho P I I ~  nr if tninrl rliroctinn ic 



51. However, this may be a calculated risk. Often 51 = 
52. You have two options for trees occurring in 
clumps or groups. 

53. Either leave all trees 52 

trees, as shown in the 
center. 

54. Occasionally, smaller 
trees can be removed 
from the leeward side of 1 

55. Up to this point, we've discussed some of the 
silvicultural aspects of spruce-fir stands. We've 
looked at: 

*Environmental factors 
.Stand conditions 
*Initial establishment, and, 
*Damaging agents 

Before we launch into the last two major sections 
of this talk, let's review some generalities of 
regeneration silviculture (Alexander 1974). 



SILVICULTURE 
56. As vou'll remember from the overview 

- -  - - r  

obtain adequate reproduction. Your choice 

57. . . . but vou'll also need to consider 

susceptibility, all of which vary from place 
to place. 

l ~ & Y 1 : S a  58. Those cutting methods that 

shelterwood and selection 
cutting and their modifications. 

59. You should not use partial 

restock these cutovers. vou should first 

restocking after cutting by natural or ahficial 



MANAGEMENT WITH 
ADVANCED REGENERATION 





MANAGEMENT WITH 
REPRODUCTION AFTER CUTTING , 

67. For spruce-fir, the second (and more complex) of the two situations in regeneration 
silviculture is management with reproduction after cutting. This is possible on both clearcut and 
partial cut areas. 



ESSENTIAL ELEMENTS OF REGENERATION 
68 

68. In both instances, we need 
to be very concerned with 
providing the three 
interdependent elements of 
the regeneration triangle we 
discussed in the overview 
slide tape (Roe e ta / .  1970). You'll 
remember that successful 
regeneration of any species 
dependent upon a suitable 
supply of seed, a suitable 
seed bed for germination, a 
a suitable environment for 
germination and survival. 
Let's look at the wavs that 
these three elements 69 
apply to clear-cutting. 
69. On clear-cut units in 
spruce-fir type, the 
layout of the unit, slash 
disposal, and seed bed 
treatment all need to be r 
designed to facilitate 
seed dispersal and to 
create good conditions 
for germination and 
seedling establishment. = 
70. Remember that the 
size of the openings you 
clearcut in spruce-fir is 
dependent upon seed 

I 
dispersal. The cutting unit must be 
designed so that seed from 
bordering the clearcut can I 
portions of the openings. TI 
an area no longer than about five to six 
times tree height (Alexander 1974, Roe et. al. 1970) 





CLEARCUTTING 



PARTIAL CUTTING 
79. Now, let's look at partial 
cutting techniques used to 
regenerate an old-growth spruce-fir 
stand (Alexander 1973). In order to 
regenerate the stand, the objective 
of these cuts is to leave either an 
overstory canopy, or trees standing 
around the margins of small 
openings to provide an effective 
seed source. They also provide an 
environment compatible with 
germination, initial survival, and 
seedling establishment. But you 
must make sure that . . . 
80. . . . a suitable seedbed is 
provided after the seed cut where 
shelterwood cutting is used, and 
after each cut where group 
selection is used. 



system and cutting method you should use, how the stand should be marked, and when to 
schedule subsequent entries. 

82. Because this is such a complex subject, this is a good time for you to take a stretch break 
before we launch into a more detailed description of the effects of these 3 factors on your 
management of spruce-fir stands. 

83. Remember, we're still talking about managing with reproduction after cutting. From this 
point on, things get pretty complex. We're going to be discussing the three key factors of 
structure, wind risk, and tree 
distribution. To help keep 
things straight, we'll split our 
discussion into three 
sections. We'll first cover 
single-storied stands, 
presenting techniques to use 
for uniformly-spaced stands 
vs. clumps or groups that 
occur in different wind risk 
situations. We'll then follow 
the same procedure for two- 
to three-storied stands, and 
finally for multistoried 
stands. 



SinglemStoried Stands 

84. First, let's look at single-storied stands. These stands are usually the least windfirm, 
because trees are relatively the same height, have developed together over a period of time, and 
mutually protect one another from the wind. We must therefore gradually open the stand up to 
develop windfirmness before establishing a regeneration cut. The relative wind risk of a stand 
and the spacing of the trees have a good deal to do with the prescription which is developed 
for an area. Where windfall risk is below average and the trees are uniformly spaced, we can 
first make an initial cut . . . 



Below-Average Windrisk . . . Uniformly-Spaced Stands 

85. . . . that removes about 30 percent of 
the basal area. Since all over-story trees 
are about equally susceptable to 
windthrow, we need to maintain the 
general level of the canopy by removing 
some trees from each overstory crown 
class, as we have done in this first cut in 
the example. 

86. The second cut, or seed cut, which will 
begin to regenerate the stand, follows in 
approximately five or ten years. Here we 
remove a similar volume for the first cut, 
and we don't make a third cut until the 

85-87 regeneration is well established. Once 
the regeneration is established the . . . 

87. . . . third cut may or may not remove all the remaining overstory. Trees held for the fourth 
cut, if it is needed, will provide an additional period of protection for the regeneration to 
become established. 

Below-Average Windrisk . . . Clumpy Stands 

88. Now then, in single storied stands 
with a low wind risk which are 
clumpy in nature, the first cut 
should. . . 
89.. . . be in groups that remove 
about 30 percent of the basal area. 
Harvesting timber in groups this way 
takes advantage of the natural 
arrangement of trees. The group 
openings should not be more than 
one, or at most two, tree heights in 
diameter; and not more than one-third 
of the area should be cut at any one time. 
The cuts should be spaced fairly uniformly 
throughout the stand, based on the 
structure of the groups as you see here. 
90. There should be at least two more 
cuts. They can enlarge openings by 
approximately one tree height, after each 
original opening has been regenerated, by 
cutting adjacent clumps, as we see here in 
the second and third cuts. You should cut 
new openings no closer than one to two 
tree heights from openings not yet 
regenerated. In other words, this is a sequential process that progresses through the grouped 
stands. 29 



Above-Average Windrisk . . . Uniformly-Spaced Stands 

. . . Alternative I 

92. . . . removes about 10% of the basal area in 
the initial cut on an individual tree basis. This is a 
very light cut. It opens the stand just enough to 
allow remaining trees to begin to become wind 
firm. This method resembles a sanitation cut, in 
that the poorest risk trees are removed to 
maintain the general level of the overstory canopy. 

93. Two additional light cuts, each of which 
removes about 15 to 20% of the basal area at five 
or ten year intervals, should then condition the 
stand for a final removal cut, which harvests 
the remaining overstory. However, the final harvest 
should not be made until a manageable stand of reproduction is established. 

. . . Alternative II 
94. The second alternative is a little different. It 
removes about 10% of the basal area in each of a 
series of three light cuts at five to ten year intervals. 
Again, this is done to condition the stand for 
resistance to windthrow. 

95. The remaining 70°/o of the basal area in this 
alternative, however, is removed in two cuts that take 
30 to 40% of the basal area each. The last two cuts 
are usually spaced at approximately ten year 
intervals. This method is somewhat risky in that it 
increases the risk of blowdown, as we see in the 
final stand on this slide. But it does encourage better 
stand reproduction, because you are opening the 

30 94-95 stand up more rapidly. 



Above-Average Windrisk. . . Clumpy Stands 

96. Moving on to single-storied clumped 
stands in an above average wind risk 
situation, the best procedure is a series of 
light cuts, removing 10 to 20% of the 
basal area in groups. But, remember, 
again, the entire group should either be 
cut or left. 

High Windrisk Or Stands Breaking Up 

97. In single-storied stands that either 
occur in very high wind risk situations, or 
that are breaking up due to windthrow, you 
are usually limited to the removal of all 
trees, or leaving the stand uncut. 



Two And Three Storied Stands 

98. We will now move on to two- and three-storied stands. Cutting methods for two- or three- 
storied stands differ somewhat from single-storied stands in that the overstory of two- or three- 
storied stands may be windfirm, but the second and third stories are likely to be susceptible to 
windfall. In stands like these where windfall risk is below average and the trees are uniformly 
spaced, . . . 



Below-Average Windrisk . . . Uniformly Spaced Stands 

99. . . . the first cut can remove up to 40 
percent of the basal area. However, 
openings in the canopy should not be 
larger than one tree height in diameter, or 
should be cut over the entire area. This is 
very similar to the first step, or seed cut, 
of a two cut shelterwood; but trees are 
removed from each diameter class. Since 
the overstory is likely to be more windfirm, 
leave the dominant and codominant trees 
in the interior of the stand as protection 
for trees that are saved until the following 
cut. Dominants and codominants are also 
good seed sources. 99-1 00 

100. The second cut, usually occuring in ten or twenty years, removes the remaining overstory 
and encourages a subsequent growth of the reproduction. This is essentially a two-cut 
shelterwood. 

Below-Average Windrisk . . . Clumpy Stands 
101. If the windfall risk in a two or three 
storied stand is below average and the 
trees are in clumps, the first cut should 
remove 40 percent of the basal area in 
groups. Group openings can be larger in 
this case, . . . 
102.. . . up to two or three times tree 
height, than for single-storied stands, 
but do not cut more than one-third of the 
total land area. Make group openings 
irregular in shape, but without dangerous 
windcatching indentations. Again, the 
entire clump should either be cut or 
left. 

103. A second or third cut in these 
situations can remove approximately 
30 percent of the original basal area 
in group openings, with openings two 
to three times tree height. With a two 
to three storied stand, you usually 
have a little more choice of which 
groups you can take; and you can 
usually cut it a little more quickly 
than you would with a single-storied 
situation. It becomes somewhat 
easier operationally on the ground. 102 



Above-Average Windrisk . . . Uniformly-Spaced Stands 
104 

104. Two or three storied, uniformly 
spaced stands will also occur in above- 
average windfall risk situations. In such 
cases, the. . . 
105. . . . first cut should be light, which will 

of the basal area on an individual tree 

crowns, and trees with 
indications of defect. As 
we've said before, we have 

or three-storied situation. I 
106. The obiective is to 

trees left standing. I 

In situations like this. vou I 

107. At least two additional entries at 
about 10 year intervals will remove the 
remaining overstory. 



Above-Average Windrisk . . . Clumpy Stands 

High Windrisk 

111. Where windfall hazards are very high, 
you are again limited to removing all trees 
or leaving the area uncut. Cleared 
openings should not be larger than 
regeneration requirements dictate, that is, 
no more than five to six times tree height. 
They should be intersperced with uncut 
areas. If the cut is made, not more than 
one-third of the area should be cut at any 
one time. 



Multistoried Stands 

112. Now, let's move on to multi-storied stands. Multi-storied stands are usually the most 
windfirm, even where they have developed from deterioration of single-storied stands. There is 
considerable flexibility in harvesting methods where windfall risk is below average in these 
situations. All stands and classes can be cut, with emphasis on either the largest or the 
smallest trees, as the management needs indicate. 



Below-Average Windrisk 

113 114 the stand indicate.. 

114. A thinning from below, as shown in this example, would usually be used if the 
management of the stand was being directed towards even-aged management; while the 
overwood removal, depending upon the resulting stand structure of the remaining understory, 
could either be directed towards uneven-aged management or even-aged management. 

Above-Average To High Windrisk 

removal, . . . 
116. . . . in combination with a thinning from below to obtain a widely spaced, open grown 
stand which can then be directed towards either even- or uneven-aged management. Again, it 
depends upon the resulting stand structure. In situations such as these, you need to be 
extremely careful in marking the trees to select leave-trees which are windfirm and not likely to 
blow down. Otherwise the entire stand could be lost. 

37 



CONCLUSION 



such-activities are' properly scheduled. 

123 122. Proper management is possible only i 
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